Diversity of Organisms Review:  Phylogeny and the Tree of Life 

1. Which levels of the classification in the figure do humans share with leopards?
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2. What does the phylogenetic tree below indicate about the evolutionary relationships of the leopard, badger, and wolf?
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3. Which of the trees shown below depicts a different evolutionary history for taxa A-D than the other tow trees?  Explain.
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4. If new evidence were uncovered indicating that taxon E in the figure is the sister taxon of a group that consists of taxa D and F, how would this change the phylogeny?  Redraw the tree to accommodate this new finding.
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5. Decide whether each of the following pairs of structures more likely represents analogy or homology, and explain your reasoning: porcupine quills and a cactus’s spines; a cat’s paw and a human’s hand; an owl’s wing and a hornet’s wing.

6. Suppose that species 1 and species 2 have similar appearances but very divergent gene sequences and that species 2 and species 3 have very different appearance but similar gene sequences.  Which pair of species is more likely to be closely related: 1 and 2, or 2 and 3?  Explain.

7. To distinguish a particular clade of mammals within the larger clade that corresponds to class Mammalia, would hair be a useful character?  Why or why not?

8. Why might the most parsimonious tree not necessarily be the most accurate in representing evolutionary relationships for a particular group of species?

9. Draw a phylogenetic tree that includes the relationships from both figures.  Traditionally, all the taxa shown besides birds and mammals were classified as reptiles.  Using a cladistic approach, critique that classification.
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Diversity of Organisms Review:  Protists

1. Cite at least four examples of structural and functional diversity among protists.
2. Summarize the role of endosymbiosis in eukaryotic evolution.

3. After studying the figure, draw a simplified version of the phylogenetic tree that shows only the five super groups of eukaryotes.  Now sketch how the tree would look if the unikonts were the first group of eukaryotes to diverge from other eukaryotes.
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4. Why do some biologists describe the mitochondria of diplomonads and parabasalids as “highly reduced”?

5. DNA sequence data for diplomonad, a euglenid, a plant, and an unidentified protist suggest that the unidentified species is most closely related to the diplomonad.  Further studies reveal that the unknown species has fully functional mitochondria.  Based on these data, at what point on the phylogenetic tree in the figure above did the mystery protist’s lineage probably diverge from other eukaryote lineages?  Explain.

6. Summarize the evidence for and against the hypothesis that the species currently classified as chromalveolates are members of a single clade.

7. Which of the life cycles of the protists exhibits alternation of generations?  How does it differ from the other two?
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8. Would you expect the plastid DNA of photosynthetic dinoflagellates, diatoms, and golden algae to be more similar to the nuclear DNA of plants (domain Eukarya) or to the chromosomal DNA of cyanobacteria (domain Bacteria)? Explain.

9. Explain why forams have such a well preserved fossil record.

10. DNA evidence suggests that a newly discovered amoeba is in the clade Rhizaria – yet its morphology is more similar to amoebas in other eukaryotic groups.  Suggest an explanation that could account for these conflicting observations.

11. Identify two ways in which red algae differ from brown algae.

12. Why is it accurate to say that Ulva has true multicellularity but Caulerpa does not?

13. Suggest a possible reason why species in the green algal lineage were more likely to colonize land than species in the red algal lineage.

14. Contrast the pseudopodia of ameobozoans and forams.  In what sense is “fungus animal” a fitting description of a slime mold?  In what sense is it not a fitting description?

15. If further evidence indicates that the root of the eukaryotic tree below, would this evidence support, contradict, or have no bearing on the hypothesis that Excavata is monophyletic.
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Diversity of Organisms Review:  Plant Diversity I – How Plants Colonized Land 

1. Why do researchers identify charophytes rather than another group as the closest relatives of land plants?

2. Identify three derived traits that distinguish plants from charophytes and facilitate life on land.  Explain.

3. What would the human life cycle be like if we had alternation of generations?  Assume that the multicellular diploid stage is similar in form to an adult human.
4. How do bryophytes differ from other plants?

5. Give three examples of how structure fits function in bryophytes.

6. For each hypothesis of stomatal evolution, label each gain and loss of stomata on the following phylogenetic tree.
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7. List the key derived traits that are found in pterophytes and seed plants, but not in lycophytes.

8. How do the main similarities and differences between seedless vascular plants and nonvascular plants influence function in these plants?

9. If (contrary to current evidence) lycophytes and pterophytes formed a clade, what could you conclude about how members of this clade gained (or lost) traits shared by pterophytes and seed plants?

Diversity of Organisms Review:  Plant Diversity II – The Evolution of Seed Plants 

1. Contrast sperm delivery in seedless vascular plants with sperm delivery in seed plants.

2. What additional features of seed plants, not present in seedless plants, have contributed to the enormous success of seed plants on land?

3. If seed plants were homosporous, what aspects of their reproduction would change?  Explain.
4. Use examples to describe how various gymnosperms are similar yet distinctive.

5. Explain how the pine life cycle below reflects basic characteristics of seed plants.
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6. Does the hypothesis that gymnosperms and angiosperms are sister clades imply that these two lineages originated at the same time?  Explain.

7. It has been said that an oak is an acorn’s way of making more acorns.  Write an explanation that includes these terms: sporophyte, gametophyte, ovule, seed, ovary, and fruit.

8. Compare and contrast a pine cone and flower in terms of structure and function.

9. If researchers discovered a 135 million year old fossil angiosperm that had woody tissues as well as sepals and petals, how would their findings affect current interpretations of Archaefructus sinensis fossils?

Diversity of Organisms Review:  Fungi 

1. Compare and contrast the nutritional mode of a fungus with your own nutritional mode.

2. Suppose a certain fungus is a mutualist that lives within its insect host, yet its ancestors were parasites that grew in and on the insect’s body.  What derived traits might you find in this mutualistic fungus?

3. In terms of haploidy versus diploidy, how do the life cycles of humans and fungi differ?

4. Suppose that you sample the DNA of two mushrooms on opposite sides of your yard and find that they are identical.  Propose two hypotheses that could reasonably account for this result.

5. Why are fungi classified as opisthokonts despite the fact that most fungi lack flagella?

6. Explain the evolutionary significance of the presence of mycorrhizae in the earliest vascular plants.

7. If fungi had colonized land before plants, where might the fungi have lived?  What might they have eaten?

8. What feature of chytrids supports the hypothesis that they represent an early diverging fungal lineage?

9. Give different examples of how form fits function in zygomycetes, glomeromycetes, ascomycetes, and basidiomycetes.

10. Suppose that mutation of an Ascomycete changed its life cycle so that plasmogamy, karyogamy, and meiosis occurred in quick succession.  How might this affect the ascospores and ascocarp?

Diversity of Organisms Review:  An Introduction to Animal Diversity 

1. Summarize the main steps of animal development.  What family of control genes plays a major role?

2. What animal characteristics would be needed by an imaginary plant that could chase, capture, and digest its prey – yet could also extract nutrients from soil and conduct photosynthesis?

3. Put the following milestones in animal evolution in chronological order from oldest to most recent: origin of mammals, earliest evidence of terrestrial arthropods, Ediacaran fauna, and extinction of large, nonflying dinosaurs.

4. Suppose the most recent common ancestor of fungi and animals lived 1 billion years ago.  If the first fungi lived 990 million years ago, would animals also have been alive at that time?  Explain.

5. Distinguish the terms grade and clade.

6. Compare three aspects of the early development of a snail (a mollusc) and a human (a chordate).

7. Evaluate this claim: Ignoring the details of their specific anatomy, worms, humans, and almost all other triploblasts are basically shaped like a doughnut.

8. Describe the evidence that cnidarians share a more recent common ancestor with other animals than with sponges.

9. How do the phylogenetic hypotheses presented in the figures differ in structuring the major branches within the clade Bilateria?
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10. If the second figure accurately reflects phylogeny, could both of the following be correct?  A newly discovered arthropod fossil is 560 million years old.  The most recent common ancestor of Deuterostomia lived 535 million years ago.  Explain.
Diversity of Organisms Review:  Invertebrates 

1. Describe how sponges feed.

2. Some molecular evidence suggests that the sister group of animals is not the choanoflagellates, but rather a group of parasitic protists, Mesomycetozoa.  Given that these parasites lack color cells, can this hypothesis be correct?  Explain.

3. Compare and contrast the polyp and medusa forms of cnidarians.

4. Describe the structure and function of the stinging cells for which cnidarians are named.

5. If the common ancestor of cnidarians were an open-ocean jelly, what might you infer about evolutionary trends in the relative importance of the polyp and medusa stages?

6. Explain how tapeworms can survive without a coelom, a mouth, a digestive system, or an excretory system.

7. How does the modification of the molluscan foot in gastropods and cephalopods relate to the respective lifestyles?

8. Annelid anatomy can be describes as a “tube within a tube.”  Explain.

9. Relatively few free living lophotrochozoans live on land, above the surface of the soil focusing on gravity, hypothesize why this is so.

10. How do nematode and annelid body plans differ?

11. In contrast to out jaws, which move up and down, the mouthparts of arthropods move side to side.  Explain this feature of arthropods in terms of the origin of their mouthparts.

12. Describe two adaptations that have enabled insects to thrive on land.

13. Traditionally, annelids and arthropods were thought to be closely related because both groups show body segmentation.  Yet molecular data indicate that annelids belong to one clade (Lophotrochozoa) and arthropods to another (Ecdysozoa).  Could traditional and molecular hypotheses be tested by studying the expression of Hox genes that control body segmentation? Explain.

14. Describe how sea star tube feet attach to substrates.

15. Are characteristics shard by a sea star and a sea daisy homologous or analogous?  Explain.

16. The insect Drosophila melanogaster and the nematode Caenorhabditis elegans are prominent model organisms.  Are these species the most appropriate invertebrates for making inferences about humans and other vertebrates in Deuterostomia? Explain.

Diversity of Organisms Review:  Vertebrates 

1. How do pharyngeal slits function during feeding in lancelets and tunicates?

2. You are a chordate, yet you lack most of the main derived characters of chordates.  Explain.

3. Suppose lancelets lacked a gene found in tunicates and vertebrates.  Would this imply that the chordates’ most recent common ancestor also lacked this gene?  Explain.

4. What characteristics do hagfishes have that lancelets and tunicates lack?

5. Which extinct chordate is more closely related to humans, Myllokunmingia or Haikouella?  Explain your answer.

6. In several different animal lineages, organisms with heads first appeared roughly 530 million years ago.  Does this finding constitute proof that having a head is favored by natural selection? Explain.

7. How are differences in the anatomy of lampreys and conodonts reflected in each animal’s feeding method?

8. Suggest key roles that mineralized bone might have played in early vertebrates.

9. What derived characters do sharks and tuna share?  What are some characteristics that distinguish tuna from sharks?

10. Describe key adaptations of aquatic gnathostomes.

11. Imagine we could replay the history of life.  Is it possible that a group of vertebrates that colonized land could have arisen from aquatic Gnathostomes other than the lobe-fins?  Explain.

12. Describe the origin of tetrapods and identify some of their key derived traits.

13. Some amphibians never leave the water, whereas others can survive in relatively dry terrestrial environments.  Contrast the adaptations that facilitate these two lifestyles.

14. Scientists think that amphibian populations may provide an early warning system of environmental problems.  What features of amphibians might make them particularly sensitive to environmental problems?

15. Describe three key amniote adaptations for life on land.

16. Identify four avian adaptations for flight.

17. Suppose turtles are more closely related to lepidosaurs than to other reptiles.  Redraw the figure below to show this relationship, and mark the node that represents the most recent common ancestor shared by all living reptiles.  Defining the retile clade as consisting of all descendants of that ancestor, list the reptiles.

18. Contrast monotremes, marsupials, and eutherians in terms of how they bear young.

19. Identify at least five derived traits of primates.

20. Develop a hypothesis to explain why the diversity of mammals increased in the Cenozoic.  Your explanation should consider mammalian adaptations as well as factors such as mass extinctions and continental drift.

21. Identify some characters that distinguish and contrast apes and hominins.

22. Provide an example in which different features of organisms in the hominin evolutionary lineage evolved at different rates.

23. Some genetic studies suggest that the most recent common ancestor of Homo sapiens that lived outside of Africa spread from Africa about 50,000 years ago.  Compare this date to the dates of fossils given in the text.  Can both the genetic results and the dates ascribed to the fossils be correct?  Explain.

